Introduction
The study of the geometry of submanifolds of a Riemannian or semi-Riemannian manifold is one of the interesting topics of differential geometry. Despite of some similarities between semi-Riemannian manifolds and Riemannian manifolds, the lightlike submanifolds are different since their normal vector bundle intersect with the tangent bundle making it more interesting and difficult to study. These submanifolds were introduced and studied by Duggal and Bejancu 1 . On the other hand, geodesic CR-lightlike submanifolds in Kähler manifolds were studied by Sahin and Gunes 2 , and geodesic lightlike submanifolds of indefinite Sasakian manifolds were investigated by Dong and Liu 3 . In 2006, Sahin 4 initiated the study of transversal lightlike submanifolds of an indefinite Kähler manifold which are different from CR-lightlike 1 and screen CR-lightlike submanifolds 5 . Recently, Sahin 6 introduced the notion of screen transversal lightlike submanifolds of indefinite Kähler manifolds and obtained some useful results. In this paper, we study geometric conditions under which some lightlike submanifolds of an indefinite Kenmotsu manifold are totally geodesic.
Preliminaries
We follow 1 for the notation and fundamental equations for lightlike submanifolds used in this paper. A Then,
2.3
Let ∇ be the Levi-Civita connection on M. Then, in view of the decomposition 2.3 , the Gauss and Weingarten formulas are given by
where {∇ X Y, A U X} and {h X, Y , ∇ t X U} belong to Γ TM and Γ tr TM , respectively, ∇ and ∇ t are linear connection on M and on the vector bundle tr TM , respectively. Moreover, we have From the decomposition of the tangent bundle of a lightlike submanifold, we have
for any X, Y ∈ Γ TM , and ξ ∈ Γ Rad TM . By using above equation we obtain
An odd dimensional semi-Riemannian manifold M, g is said to be an indefinite contact metric manifold 7 if there exists a 1,1 tensor field φ, a vector field V , called the characteristic vector field, and its 1-form η satisfying
where ± 1. It is not difficult to show that φV 0, ηoφ 0, η V . An indefinite almost contact metric manifold M is said to be an indefinite Kenmotsu manifold 8 if 
The tangent bundle of a contact SCR-lightlike submanifold is decomposed as
We will use the symbol μ to denote the orthogonal complement of φD
Let M be a contact SCR-lightlike submanifold of indefinite Kenmotsu manifold M and let P and Q be the projection morphisms on D and D ⊥ , respectively. Then for any vector field X tangent to M, we can write where BW ∈ Γ D ⊥ and CW ∈ Γ μ ⊂ S TM ⊥ . In view of the above arguments, we are in a position to prove the following characterization theorem for the existence of a D ⊥ -totally geodesic contact SCR-lightlike submanifold immersed in indefinite Kenmotsu manifolds.
Theorem 3.3. Let M be a contact SCR−lightlike submanifold of an indefinite Kenmotsu manifolds M. Then M is D ⊥ -totally geodesic if and only if
Proof. The necessary and sufficient conditions for contact SCR-lightlike submanifolds to be mixed totally geodesic is given by the following theorem.
Theorem 3.4. Let M be a contact SCR-lightlike submanifold of an indefinite Kenmotsu manifold M. Then M is mixed totally geodesic if and only if
⊥ . Moreover, using 2.6 , 2.8 , 2.15 , 2.18 , and 3.5 a direct calculation shows that
From 2.9 and 3.11 , we have
On the other hand, using 2.6 , 2.8 , 2.15 , 2.18 , 3.5 , and 3.6 , we derive
Thus, i and ii follow from 3.12 and 3.13 along with
Converse part directly follows from 3.12 and 3.13 .
Screen Transversal Lightlike Submanifolds
We begin this section by recalling the following definitions from 6 . ii ST-anti-invariant lightlike submanifold if S TM is screen transversal with respect to φ, that is,
For a radical screen transversal lightlike submanifolds M immersed in indefinite Kenmotsu manifold M, we will denote the projection morphisms of S TM and Rad TM by P and Q, respectively. Then for X ∈ Γ TM , we can write X PX QX.
4.3
We apply φ to 4.3 and then using 2.19 , we obtain φX TP X ωQX.
4.4
Denoting TP X by TX and ωQX by ωX, 4.4 can be we rewritten as φX TX ωX, 4.5
where
where BW ∈ Γ Rad TM , C 1 W ∈ Γ ltr TM , and 
Proof. Suppose that the distribution S TM is totally geodesic. Then Thus, our assertion follows from 4.9 , 4.10 , and 4.11 . Converse part directly follows from 4.10 and 4.11 .
In respect of a radical screen transversal lightlike submanifold to be mixed totally geodesic and totally geodesic, we have the following two theorems. where
In view of the above discussions, the conditions under which the distribution Rad TM of a ST-anti-invariant lightlike submanifold immersed in indefinite Kenmotsu manifolds to be totally geodesic is given by the following result. 
Theorem 4.7. Let M be a ST-anti-invariant lightlike submanifold of an indefinite Kenmotsu manifold M. Then the distribution Rad TM is totally geodesic if and only if
Thus, our assertion follows from 4.31 , 4.32 , and 4.30 . Converse part directly follows from 4.31 and 4.32 .
Transversal Lightlike Submanifolds
The purpose of this section is to study transversal and radical transversal lightlike submanifolds in an indefinite Kenmotsu manifold. We recall here the definitions of these submanifolds given by Yıldırım and Sahin 10 . 
For a radical transversal lightlike submanifold M of an indefinite Kenmotsu manifold M, if P and Q are the projection morphism on S TM and Rad TM, respectively, then any vector field X tangent to M can be written as X PX QX.
5.3
We apply φ to 5.3 and then using 2.19 , we get φX TP X ωQX.
5.4
If we denote TP X by TX and ωQX by ωX, then 5.4 can be rewritten as φX TX ωX, 5.5
where TX ∈ Γ S TM and ωX ∈ Γ ltr TM .
from which we observe that φW ∈ Γ S TM ⊥ .
Using the above notations, one can prove the following.
Theorem 5.2. Let M be a radical transversal lightlike submanifold of an indefinite Kenmotsu manifold M. Then the distribution Rad TM is totally geodesic if and only if
Proof. Thus, our assertion follows from 5.10 , 5.11 , and 5.9 . Converse part directly follows from 5.10 and 5.11 .
The conditions under which a radical transversal lightlike submanifold immersed in indefinite Kenmotsu manifolds to be mixed totally geodesic is given by the following theorem. Thus, our assertion follows from 5.12 and 5.14 . Converse part directly follows from 5.14 . 
Theorem 5.5. Let M be a radical transversal lightlike submanifold of an indefinite Kenmotsu manifold M. Then the submanifold M is totally geodesic if and only if
i h * X, T Y − A ωY X / ∈ Γ Rad M . ii A CW X 0 for any X, Y ∈ Γ TM .
